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)
Commissioning - Summary of Requirements (@

e First Beam

 Individual pilot bunches of ~5" 10° ppb
« Qand Q' constraints relaxed

e First Physics Run (end of commissioning)

* 43 0n 43 bunches of 3-4" 10'° ppb

o Drift Rate (snap-back) Tolerance Requested | Correction
Commissioning (Unit per sec for ~30sec) Accuracy Rate (Hz)
(first physics) .
Max 80% Pred | Inj / ramp + 80% Pred
Orbit (mm) <1
Tune
2.8 0.6 ~10 3 0.1
(" 109)
Chromaticity 38 0.8 5 55 0.3

(Qx)




Skew Modulation
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K
Normal Operation - Summary of Requirements ‘@

Drift Rate (snap-back) Requested | Correction
Norm_al (Unit per sec for ~30sec) Tolerance Accuracy Rate (Hz)
Operatl Sl Max 80% Pred | Inj/ramp 80% Pred
Or bit (mm) <1
Tune
2. . A .
¢ 109) 8 0.6 3 0.75 0.3
Chromaticit
Y 38 0.8 1 0.5 1

(Qx)

» Tolerance on Chromaticity reduced by afactor of 5

* Reguested accuracy better than 1 unit

o Correction rate of 1Hz required during snap-back
e Implies a measurement rate >1Hz
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Tune Conclusion (@

 \We can meet the spec

. Attention must be given to feedforward, to
minimize required correction strength in succesive
ramps

. Interface between correction strength buffer from

latest ramp to ramp manager for next ramp must
bein place - thisisa CERN responsibility
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Chromaticity Effect on PLL (®

« Conclusion from chromaticity study (and years of
experience with beam) isthat 245MHz PLL tune
measurement comfortably copes with alarge range of
chromaticity (resonantly excites low dp subset of
momentum distribution)

« Chromaticity control isnot an issue for 245MHz PLL
tune measurement and tune/chrom feedback — further
study required for baseband system, but we expect
similar behavior

« Chromaticity control is an issue primarily in the usual
operational sense — line broadening and resonance
overlap
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Window Ewvent

22:48:40 22+49:10 2243140 23:00210
qLoopChrom, yh:chromBufFH[ , 163802158

1

2Z:00140 232:01210 23:01:40 232402110 22102440 23:63:10 23:52:40
qLoopChrom,yhichronErrorBufFH[ L 163502159 qLoopChrom, yw:chromBuf ML, 16330160

= gqLoopChrom, gy tchronErrorBuf L, 163801161 —8— ey-ztone —&—  ev-ygtstart
ev-botstart ev—yganmat, —a— ev-bgammat
ev—flattop ev—endramp —&— ey-accranp

_5 4

" ' + + . : + + + ' + + . ' + . + ' : + + ' : + —t
02:02:50 02509:20 0209250 0210420 02410250 02:11:20 02:11:50 02:12:20 02:12:50 02312220 02:12:60
qLoopChromn, yh:chromBufFH[* 163511154 qLoopChromn,yhzchronErrorBufFH[* 163511155 qLoopChrom, yw i chromBuf FH[* 16331 ;1156

= gLoopChrom, gy tchronErrorBuf FH[* 16381 1157 —8— ey—ztone —&—  ev-ygtstart
ev-hgtstart ev—yganmat —8— evy-bgammat
ev—flattop ev—endramp —&— ey-accranp

ey

0233930 02340300 0240130 0234100 02:41:30 02+ 42200 024230 02143200 0243230 0244200 0244130
Time

gLaopChramn, uh* chronErrorBufFH[ L 16382+151

02145200

aLaoopChram, us* chromBuf [ L 16382 +152

aLaoopChramn., uh * chromBuf£H[ L 16382 +150



| SHEH &) | Tue Mar 08 02:08:28 - Tue Mar 08 02:18:28

Window Ewvent

2000 §-

2000 4

1000 1+

é ||| | - deg bt vk J”H ml-*
Ikl lv !!IH.IW hm nwwnm |

02308130 02309100 023109330 02310300 02310330 02311300 02311330 02312500 02:12:30 023113500 02113530 02314300

qLoopTune..yh: i BuffAwgkl L 163512 qLoopTune, yh: gBufFAwgil L 1638113 qLoopTune ,yw: iBufFAwghl L 1638114

qLoopTune. yv 2 qBuffAwgHl, 16381:5 —&— ey—accramp —a— ey-ygtztart
ev-ygammat —a— egyv—flattop & ev—endranp
02351 5 5 5 5 5 5 5 : o
[t
0,2301:
0,228 1 -
0,2201: Ll‘-
0,215

02105130 02:03:00 02109530 Q210500 02310530 0211200 02111230 021200 02:12:30 02:13:00 02:13:30 02:14:00

Time
qLoopTune. yh? tuneBuf FHL, J6381:0 qLoopTune, yv: tuneBufFH[, 1638121 —&—  ey-accranp
—a— ev-ygtstart #——  gy-ygammat —a— ev-flattop

—_— au—andramn



2606 %] Tue Mar 08 02:08:28 - Tue Mar 08 02:18:28

Window Ewvent

2000 1

1500 1

1

1000 1

SO0+

¥
i

0- ‘d’ ‘J’t fh'-*': ’

=50

02:10:53 02:10:55 02310357 02:10:53 0231101 02:113:03 02311305 02:11:07 02:11:09 02:11:11 02:113:13

qLoopTune,yh: iBuffawgkl, 163312 qLoopTune,yh:gBuffagk , 1633113 qLoopTune,yw: iBuffRwgM, 1633114
qLoopTune,uv tgBuffAvgkl , 1638115 —e— gu-accramnp —e— egy-ygtstart
ev-yoammat —e— egu-flattop ev—endramp

0,232
0,230
0,228
0,226
0,224
0,222

0,220+

0.218%
0,216 1

02:10:53 N2:10:h4 02:10:h7 N2:10:h9 02:11:0 02:11:03 N2:11:05 02:11:07 02:11:09 D2:11311 02311313
Time

qloopTune,yh:tuneBuf FML, 1638120 qloopTune, yw s tuneBuf FML, 1638111 —8— ev-accranp
—a— ey-ygtstart *——  ey-ygammat —a— ey-flattop
—a— ey—endramp



Chrom Refinement (@

« Measurement 'runaway' scenario
. gignificant PLL phase error during chrom measurement
. chrom correction too small

. tune mod due to chrom larger than previous measurement, phase
error larger, chrom error larger

. repeat
« Thefix

. use more than depth of tune modulation in chrom correction
. Include PLL phase error in chrom correction
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non-linear Chrom?
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K
Normal Operation - Summary of Requirements ‘@

Drift Rate (snap-back) Requested | Correction
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» Tolerance on Chromaticity reduced by afactor of 5

* Reguested accuracy better than 1 unit

o Correction rate of 1Hz required during snap-back
e Implies a measurement rate >1Hz
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Chrom Conclusion (®

.« Chrom spec is actually a spec on ability of tune measurement to
track modulation due to chrom, in the presence of other sources
of tune modulation (preference is to not have modulation for
coupling measurement)

. Baseband sensitivity to chrom may be stronger than what we see
In 245MHz system - full momentum distribution is excited

. Inclusion of phase error in chrom correction is essential, will be
tested at RHIC asap

. Examine effect of non-lin chrom
. Preliminary indication is that we can meet the spec

TF Workshop 9 Mar 05
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The Coupling Spec (®

- Does it adequately address the needs of Tune
Feedback?
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Coupling Conclusion (®

Coupling correction is essential for tune feedback
Sufficient attention has not yet been given to this problem

Coupling must be measured on the ramp
- best method is to measure e genmode projections?

Coupling feedforward is essential, at least until it is under control.
. Doesthisrequire additional PLL receivers?

| nterface between eigenmode buffer from latest ramp to ramp
manager for next ramp must be in place - thisisa CERN
responsibility

Possibility of coupling feedback merits investigation?

TF Workshop 9 Mar 05
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The Emittance Spec (®

. some fraction of 2% during physics running

- considerably more than that during commissioning
and machine devel opment
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Summary of emittance growth

Difficult to draw accurate conclusions (many
parameters), but consensus is

« At 100mW kicker power PLL makes measureable
contribution to emittance growth

« At 10-20mW it's hard to see any difference

« Preliminary datafrom FNAL leadsto similar
conclusion

« 245MHz system is on the edge in this regard, but only
due to dynamic range problem

 presently don't anticipate difficulty here
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60Hz problem (@

what are limits of filtering? requires extensive investigation

Problem is potentially much more serious at LHC - more 60Hz
present at 3KHz than 18KHz

Not yet certain thisis on the beam
Source requires extensive investigation at BNL - localization,
possible power supply remediation

- Beamtest of 720Hz balancing

- Beam test by varying coupling - dipole bus

- Beam test by off momentum measurement with minimized chrom - quad bus

Requires extensive investigation at CERN, to minimize the effect
before it appears

Cannot be corrected globally?
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Filtering ()

Filter (smplest would be 60Hz averaging)

. reguires lock to (fluctuating) line frequency?
h=300in RHIC

. Limiton PLL BW?Isthis aproblem?

- Blind spots? Loop gain/dither overcomes this?

. Implications for digitizer clock? From RF?
tune? 60HZz?
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The Damper (®

Damper sensitivity ~ 1 micron

PLL requires ~20dB S/N for reliable operation
BBQ sensitivity requirement is then ~100nm
We look OK here

Again, requires further investigation and testing
both at CERN and at BNL - machine experiments
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Orbit Feedback @3

« |sthe 2Hz solution to ~ 100 micron chrom
modulation acceptabl e?

- At some level, this defeats purpose of orbit
feedback. What Is effect on machine protection,

collimation,...?
 Reqguires further investigation at CERN end
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Summary/Action Items (®

60Hz
Coupling
. better spec
. measurement and correction method (robust possible?)

. Interface to Ramp Manager for feedforward
. feedback?

Chromaticity
. Include PLL phase error in feedback loop
. magnitude and effect of non-linear chrom

tune - interface to ramp manager for feedforward
Damper - confirm BBQ resolution < 100nm
Orbit Correction - confirm 2Hz operation acceptable
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